Previously, we have indicated that Hot Water Extract (HWE) from Spent Mushroom 25 Substrate (SMS) of Ganoderma lucidum enhanced immune function of normal mice, and 26 improved antioxidant activity and enhanced immune function of immunosuppression mice 27 induced by cyclophosphamide (Cy). Here we performed the high throughput RNA sequencing 28 strategy using Illumina HiSeq TM 2000 to characterize the spleen transcriptome from normal 29 (CK1), HWE-treated (CK2), Cy-treated (CY) and both high dose HWE and Cy-treated mice 30 (CH). From the RNA Sequencing, total mapped reads of map to Gene in CK1, CK2, CY and 31 CH was 54 759 942, 54 678 926, 44 728 132 and 54 006 596, respectively. And gene expression 32 was significantly different among CK1 and CK2, CY and CH. Compared with CK1, the gene 33 expression of Ugt1a6b was down-regulated in CK2 after HWE treated. In addition, compared 34 with CY, multiple tumor suppressor or tumorigenesis genes were down-regulated, such as 35 Cdkn1a, Cdkn1b, Mapk10, Vash1, and Tnc and other genes in CK2 and CH. Taken together, 36 our study highlighted the spleen transcriptome profiles of C57BL/6 mouse in response to HWE 37 from SMS of G. lucidum and Cy, and indicated that HWE can improve the immune function of 38 the mouse and accelerated the recovery of immunosuppression in Cy-treated mice. 39 Keyword： Spleen transcriptome; Ganoderma lucidum; Hot Water Extract; 40 Cyclophosphamide 41 42 43 3 44 6 109 kilograms of HWE were obtained from 100 kg of fresh SMSG. The HWE included 23.58% 110 crude protein, 17.60% ash, 4.95% amino acid, and 2.0% crude fat. The content of 111 polysaccharide in HWE was 15.79% as determined by high-performance liquid 112 chromatography using the standard provided by National Engineering Research Center of 113 JUNCAO Technology. 114
Introduction
Ganoderma lucidum named Lingzhi in Chinese, a precious traditional medicinal fungus 46 in Asia, has been widely known for centuries as an immunomodulating agent, regulating many diseases, including gastric cancer [1] , hypertension [2] , arthritis [ [8] , and immunological disorders [9] . 49 The effectiveness of G. lucidum has been attributed to the polysaccharides fraction, which is 50 responsible for the stimulation of immune system [10, 11] . The G. lucidum polysaccharides 51 (GLP) are believed to trigger an indirect antitumor mechanism in which the host immune 52 system is altered to target the tumor cells, meanwhile, it has been shown that GLP have the 53 ability to induce both innate and adaptive immune response [12] [13] [14] [15] [16] . The polysaccharides from 54 Chinese herbal medicine are regarded to involve in the activity regulation of immune cells and It is well known that cyclophosphamide (Cy) is a crucial chemotherapeutic drug in tumor 67 treatment, also induces numerous adverse effects, especially myelosuppression [25] and 68 immunosuppression [26, 27] . Mice treated with Cy via intraperitoneal injection are usually used 69 as an immunosuppression model [28] . In addition, HWE improves the recovery of suppressed 70 immune function in mice induced by Cy shown by increasing the mouse spleen and thymus 71 indices, and total anti-oxidative activity [29] , and inhibiting the concentration of interleukin-72 1β, interferon-γ, and tumor necrosis factor-α in the serum of immune-deficient mice [30] . 73 However, the mechanisms underlying the immunomodulating effect of HWE remain uncertain. 74 Crucial immune organs, such as spleen and thymus as well as immune cells, including 75 lymphocytes, macrophages, natural killer (NK) cells, play significant roles in anti-cancer effect 76 [31, 32]. The spleen combines the innate and adaptive immune system in a uniquely organized 77 way. The spleen is the largest filter of the blood in the body and unique among the lymphoid Reads that could be uniquely mapped to a gene were used to calculate the expression level. In which C was the number of reads uniquely mapped to the given gene; N was the number 171 of reads uniquely mapped to all genes; L was the total length of exons from the given gene. For 172 genes with more than one alternative transcript, the longest transcript was selected to calculate 173 the RPKM. The RPKM method eliminates the influence of different gene lengths and 174 sequencing discrepancies on the gene expression calculation. Therefore, the RPKM value can 175 be directly used for comparing the differences in gene expression among samples. All 176 expression data statistic and visualization was conduction with R package (http://www.r-177 project.org/).
178
Gene ontology analysis of differentially expressed genes (DEGs) 179 Gene Ontology (GO) is an international standardized gene functional classification system 180 which offers a dynamic-updated controlled vocabulary and a strictly defined concept to 181 comprehensively describe properties of genes and their products in any organism. GO has three 182 ontologies: molecular function, cellular component and biological process. The basic unit of 183 GO is GO-term. Every GO-term belongs to a type of ontology. All DEGs were blasted to GO 184 database. We statistic it and show it in the result. After the expression level of each gene was calculated, differential expression analysis 188 was conducted using edgeR [37] . The false discovery rate (FDR) was used to determine the 189 threshold of the p value in multiple tests, and for the analysis, a threshold of the FDR≤0.01 190 and an absolute value of log2Ratio≥ 1 were used to judge the significance of the gene 191 expression differences.
192
DEGs were used for GO and KEGG enrichment analyses according to a method similar 193 to that described by Zhang [38] .Both GO terms and KEGG pathways with a Q-value ≤0.05
194 are significantly enriched in DEGs.
195
Gene function was annotated based on the following databases, Kyoto Encyclopedia of Significantly differentially expressed genes 212 The results of differentially expressed genes indicated that (Fig 1) , compared with CK1, 213 there were 2,155 genes significantly down-regulated and 1,318 genes significantly up-regulated 214 in CH. 216 genes were down-regulated and 500 genes were significantly up-regulated in CK2 215 compared with CK1. Compared with CK2, there were 1035 genes significantly down-regulated 216 and 440 genes significantly up-regulated in CH.
217
Compared with CY, there were 3869 genes significantly down-regulated while 786 genes 218 were significantly up-regulated in CH, 2647 genes were significantly down-regulated and 574 219 genes were significantly up-regulated in CK1, there were 2798 genes significantly down-220 regulated and 567 genes significantly up-regulated in CK2. Gene ontology analysis of differentially expressed genes 225 To generate the functional distribution of the differentially expressed genes (DEGs), a GO 226 analysis of these genes was performed. For the comparison of CK1 vs CK2 (Fig 2) , CY vs CH 227 (Fig 3) , CY vs CK2 (Fig 4) , the differentially expressed genes were classified into three major Dilated cardiomyopathy, Glycerolipid metabolism and so on ( Fig 5) . The results showed that, compared with CK1, the gene expression of Alas2 in CK2, 259 encoding 5-aminolevulinic acid synthase, an aminolevulinic acid synthase gene, was up-260 regulated, 2.49 times of that in CK1, Ugt1a6b (UDP glucuronosyltransferase 1 family, 261 polypeptide A6B precursor) was down-regulated.
262

CY vs CH 263
The important pathways in Fig 6, which showed the results of top 20 statistics of pathway 264 enrichment for gene expression with significant differences between CY and CH, referred to 265 Pathway in cancer, T-cell receptor signaling pathway, MAPK signaling pathway, HTLV-1 266 interaction, Focal adhesion, Cells adhesion molecules, ECM-receptor interaction, 267 Toxoplasmosis, Axon guidance and so on. Table 5 showed some differential expression of gene 268 associated with immune according to the results of top 20 statistics of pathway enrichment for 269 gene expression with significant differences between CY and CH. In this study, using the cyclophosphamide-treated mice, and by the high throughput RNA 389 sequencing verification, we have found that after HWE and cyclophosphamide treated, gene 390 expression in mouse spleen, including many immune-related genes and many other genes.
391
Taken together, the results indicated that the HWE can improve the immune function of the 392 mouse and accelerated the recovery of immunosuppression in cyclophosphamide-treated mice.
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